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This article highlights practical 
applications for resources being devel-
oped using the Odor Footprint Tool 
and the effects of differing regional 
weather patterns on needed setbacks 
by describing resources created for 
the regions surrounding Norfolk and 
Lincoln, Neb.­ The Odor Footprint 
Tool is being developed to help people 
assess the odor impact of new and 
expanded animal production facilities 
on the surrounding areas and use sci-
ence-based information to establish 
minimum setback distances.­ Progress 
continues to be made toward develop-
ment of a system that can be used in 
th­e field to develop site-specific odor 
footprints.­ As an intermediate step 
in this process, regional sets of Odor 
Footprint Tool resources are being 
developed for more general use.­ Odor 
roses, directional setback distance 
curves, and odor footprints are being 
produced for six regions in Nebraska.­ 
Odor roses provide a descriptive 
picture of the directionality of odor 
annoyance within a region, indepen-
dent of the type or size of livestock 
facility involved.­ Odor roses are 
well suited for general planning and 
educational purposes where mainly 
the directional fate of odor emis-
sions is desired.­ Directional setback 
distance curves facilitate determin-
ing minimum setback distances in 
four 90-degree sectors around a site, 
based upon the total odor emission 
rate of the site.­ The total emission 
rate depends on the size and type of 
livestock housing and/or manure stor-
age facilities involved, and whether 
any odor control technologies are 
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implemented.­ Directional setback 
distance curves are especially useful 
when principal setback distances are 
desired, and when a number of pre-
liminary comparisons are to be made.­ 
Odor footprints show curves similar 
to contour lines representing the lo-
cations around a livestock site that 
have common expected frequencies 
of odor annoyance.­ Odor footprints 
correspond to specific scenarios (h­av-
ing specific total odor emission rates) 
and are useful for visualizing the 
projected odor impact of an operation 
on the surrounding area.­ As livestock 
producers, their service providers, and 
regulatory officials begin to use th­ese 
resources, they should be better able to 
make reasonable decisions regarding 
the odor impact of livestock operations 
on surrounding neighbors and rural 
communities.­ Odor impact at a given 
location is presented in terms of the 
likelihood that odor will exist at an-
noying intensity levels.­ Producers can 
use the frequency of annoyance infor-
mation and the corresponding percent-
ages of time that odor annoyance is 
not expected (odor annoyance-free fre-
quencies) to help evaluate their risk of 
offending neighbors and to determine 
which neighbors are at greatest risk.­ 
This information will be helpful when 
evaluating sites and in determining 
th­e benefit of implementing proven 
odor control technologies.­ Also, regu-
latory officials will h­ave access to sci-
ence-based information that can form 
the basis of reasonable discussions at 
public hearings and be considered in 
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Figure 1. Weather station locations for the six Nebraska regions for which Odor Footprint 













Figure 2. Odor roses for Norfolk (left) and Lincoln, Neb. (right). The extent of the radial 
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Figure 3. Directional setback distance curves for regions surrounding Norfolk (top) 
and Lincoln (bottom), Neb. Graphs shown are for the direction of maximum 
projected odor impact. Graphs showing curves for the other three primary 
directions are available but not shown.




















































































































































































near	Lincoln	at	98%	odor-annoy- (Continued on next page)




































































Figure 4. Odor footprints for Norfolk (left) and Lincoln, Neb. (right) at total odor emission rates of 500 x 104 OU/s. Curves show locations 




























































































































Table 1. Sample ranges of setback distances (ft) for Norfolk and Lincoln, Neb., on regional odor footprints at total source emission rates 
of 500 x 104 OU/s.
	 Norfolk	(Northeast	Nebraska)	 Lincoln	(Southeast	Nebraska)
	 Odor-	 Smallest	setback	distance	 Largest	setback	distance	 Smallest	setback	distance	 Largest	setback	distance
	 annoyance-free		 	 	 	
	 frequency	 Direction	=	SW	 Direction	=	NW*	 Direction	=	East	 Direction	=	NNW
	 90%	 			300	 1,200	 			300	 1,200
	 98%	 1,600	 3,400	 1,200	 4,700





















Successful freezing, or cryo-
preservation, of embryos could greatly 
impact the pork industry, serving as 
a tool for conservation of valuable 
germplasm and enhancing biosecurity 
for transfer of genetic material.­ Pig 
embryos are very sensitive to cooling 
and few reports have shown successful 
developmental rates following freez-
ing.­ The objectives of this study were 
to determine th­e efficiency of freezing 
pig embryos using a microdroplet 
vitrification meth­od and to investi-
gate in vitro development of embryos 
from Chinese Meishan and occidental 
white crossbred females following 
cryopreservation at different stages of 
embryonic development.­ Preliminary 
studies using the microdroplet vitri-
fication meth­od for cryopreservation 
and embryo transfer into recipient 
females resulted in the birth of normal, 
live piglets indicating the effectiveness 
of this procedure.­ Rates of expanded 
blastocyst formation did not differ 
between Meishan and white crossbred 
nonfrozen, control embryos (98 and 
95%, respectively).­ Developmental 
rates were significantly h­igh­er for 
control embryos th­an vitrified embryos 
from both Meishan and white cross-
bred females at the expanded blasto-
cyst stage (P < 0.­001), but not at the 
hatched blastocyst stage.­ Following 
collection of embryos from Meishan 
and white crossbred females, cryo-
preservation and in vitro culture, the 
percentage of cryopreserved embryos 
alive after 24 hours of culture was 
higher for Meishan (72%) than white 
crossbred (44%; P < 0.­001) embryos.­ 
However, development of thawed, 
cryopreserved embryos that survived 
24 hours of culture was not differ-
ent for Meishan and white crossbred 
embryos at the expanded (64%) or 
hatched (22%) blastocyst stages.­ The 
optimal stages to vitrify pig embryos 
using the microdroplet method range 
from late compact morula to early 
expanded blastocyst.­ Our results sug-
gest that Meishan embryos have a 
higher capacity to survive the freezing 
process than white crossbred embryos, 
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